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Using Shvets 's  method we solve the problem of the s tat ionary free convection of a viscous 
fluid near a horizontal cylinder with constant thermal  flux at the surface.  F rom the solu-  
tion we find the thickness of the laminar boundary layer  at the cylinder and the t empera -  
ture and velocity distributions in it. 

The problem of the s tat ionary free thermal  convection near a heated horizontal cylinder of infinite 
length in a viscous fluid was considered in [1, 2] for the case when the heat flux is specified at the surface 
of the cylinder.  In [1] the solution was reduced to the numerical  integration of the ordinary differential 
equations obtained f rom the equations of f ree  convection in the boundary layer  approximation by expanding 
the s t r eam function and the tempera ture  in ser ies  in powers of x. In the second paper the problem was 
solved by replacing the differential equations of f ree  convection by integral equations and then represent ing 
the velocity and tempera ture  distributions in the boundary layer as polynomials with three t e rms  in powers 
of y / 6 ,  and numerical ly  integrating one of the result ing equations. 

Below we give the solution of the problem by the method of success ive  approximations in analytic 
form for the case of constant thermal  flux. We assume that near the cylinder there is a laminar boundary 
layer.  

The equations for the conservat ion of momentum, energy, and mass  for a laminar boundary layer  
[3] near a horizontal  cylinder in nondimensional form are:  
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T = - -~R (T1 - -  TI| (Gr*//5. 

As the boundary conditions we take 
y = 0 :  

OT 
u = v = 0 ,  - -  = - - 1 ,  (4) 

by 

Leningrad Institute of Mechanics. Translated f rom Inzhenerno-Fizicheski i  Zhurnal, Vol. 18, No. 4, 
pp. 727-730, April,  1970. Original ar t ic le  submitted June 18, 1969. .. 

�9 1973 Consultants Bureau, a division o[ Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced [or an), purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

504 



H e r e  

y =  6: 

Shvets [4]. 

u = O ,  T = 0 .  

R 
5 = -~-  (Gr*) '/5. 

We shall  solve Eqs. (1)-(3) with the boundary conditions (4), (5) using the approx imate  method of 
Fo r  the i - th  approx imat ion  we have 

(5) 
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y =- 0: u, = 0, aT, _ I, (7) 
Oy 

Y -- fit: u~ = 0, T~ = 0. 

To de te rmine  the thicl~ness of the boundary layer  in the i - th  approximat ion  we use  the condition that there  
is no the rma l  flux at  the outer  boundary of the layer  

OT,og Y=~ = 0 .  (8) 

For  the z e r o - o r d e r  approx imat ion  we take 

u = 0 ,  T = 0 .  

Then the equations of the f i r s t  approximat ion  a r e  obtained in the fo rm 

0~T 

02u 
- -  + Tsinx = O. 
O? 

Solving these simultaneously, with the above boundary conditions, we obtain equations for the temperature 
and velocity in the first approximation 

g3 6Y2 + - - ~ )  sinx. (9) T = f - - g ,  u =  62g 
6 2 

Substituting these r e su l t s  again  in the left s ides of Eqs. (6) and (7), we obtain the second approx i -  
mat ion equations. Solving these  s imul taneously ,  with the boundary conditions, we obtain equations for  the 
t e m p e r a t u r e  and veloci ty  dis t r ibut ions  in the boundary layer  in the second approximat ion.  For  the t e m -  
pe ra tu re  we have 

1 [(5g .~ g4 54) ( g, 62# 
T = 5 - - g + - ~ - P r  6. d5 s i n x +  6Y5 + 

3 12 4 dx 120 20 12 
~6 COS X ] 24 ) " (lO) 

Substituting the la t te r  in (8) and ca r ry ing  out the n e c e s s a r y  opera t ions ,  we obtain an equation for  
the th ickness  of the boundary layer  

54 d._66 s i n x +  1 65cosx_  9 
dx 5 Pr ' 

which, using the substitution z = 55 can be linearized: 

dz 45 
- -  sin x + z cos x - -  = 0 .  
dx Pr 
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The solution of this equation, assuming that the thickness of the boundary layer  is finite at the lower 
genera tor  of the cylinder (x = 0) has the fo rm 

. -U~ [ '~ "~ U5 (11) 
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N O T A T I O N  

is the coordinate measured  f rom the lower genera tor  along the a rc  of the c i r cum-  
fe rence  of the cylinder c ross  section; 
is the coordinate measured  along the normal  to the surface  of the cylinder;  
is 
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the cylinder radius;  
the velocity component in the xi-direct ion;  
the velocity component in the yi -di rect ion;  
the tempera ture ;  
the t empera tu re  of the undisturbed fluid; 
the specific thermal  f lux;  
the thickness of the boundary layer ;  
the modified Grashof number;  
the Prandtl  number;  
the kinematic v iscos i ty  coefficient;  
the thermal  conductivity; 
the thermal  diffusivity; 
the coefficient of volume expansion; 
the acce lera t ion  due to gravity.  
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